Abstract MicroRNAs (miRNAs) can be found in a wide range of tissues and body fluids, and their specific signatures can be used to determine diseases or predict clinical courses. The miRNA profiles in biological samples (tissue, serum, peripheral blood mononuclear cells or other body fluids) differ significantly even in the same patient and therefore have their own specificity for the presented condition. Complex profiles of deregulated miRNAs are of high interest, whereas the importance of non-expressed miRNAs was ignored. Since miRNAs regulate gene expression rather negatively, absent miRNAs could indicate genes with unaltered expression that therefore are normally expressed in specific compartments or under specific disease situations. For the first time, non-detectable miRNAs in different tissues and body fluids from patients with different diseases (cardiomyopathies, Alzheimer's disease, bladder cancer, and ocular cancer) were analyzed and compared in this study. miRNA expression data were generated by microarray or TaqMan PCR-based platforms. Lists of absent miRNAs of primarily cardiac patients (myocardium, blood cells, and serum) were clustered and analyzed for potentially involved pathways using two prediction platforms, i.e., miRNA enrichment analysis and annotation tool (miEAA) and DIANA miRPath. Extensive search in biomedical publication databases for the relevance of non-expressed miRNAs in predicted pathways revealed no evidence for their involvement in heart-related pathways as indicated by software tools, confirming proposed approach.
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Introduction
Cardiovascular diseases as life-threatening diseases are the most common cause of death in Western European countries [1] . Myocarditis and non-ischemic dilated cardiomyopathy (DCM) are acute or chronic disorders of heart muscle which arises mainly from myocardial inflammation or infections by cardiotropic viruses [1] [2] [3] [4] [5] [6] . More than 12 million patients in Europe and 15 million patients in the United States (US) are suffering from heart failure including four million with DCM, according to an estimation of the European Society of Cardiology (ESC) [3] . The traditional clinical diagnosis based on individual patient's clinical symptoms, medical and family history, laboratory and imaging evaluations should be expanded by endomyocardial biopsy (EMB) diagnostics (virology, histology, and immunohistochemistry) to confirm myocardial disease for following treatment decisions [3, 7, 8] .
Improvements in human genetic studies and the continuously-expanding field of biomarker discovery revealed the potential of physiological biomarkers such as microRNAs (miRNAs) or gene expression profiles for diagnosis of complex diseases such as cardiomyopathies and for applications in personalized medicine [9] [10] [11] [12] [13] [14] . miRNA profiling can serve as a new exciting tool in modern diagnostics, which is comparable to gene expression analysis but with less amount of analytes. In addition, approximately 2500 human mature miRNAs have been discovered so far, which seems to be relatively small in number compared to the enormous number of genes discovered [15] [16] [17] [18] [19] [20] [21] . miRNAs are 20-22 nucleotides in length and highlyconserved non-coding RNAs. They have been demonstrated to play multiple roles in negative or positive regulation of gene expression including transcript degradation, translational suppression, or transcriptional and translational activation. miRNAs are present in a wide range of tissues [10, 15, [18] [19] [20] [22] [23] [24] [25] [26] . In body fluids such as serum, plasma or spinal fluid, miRNAs are protected from endogenous RNase activity by inclusion in exosomes or protein complexes [19, 22, 24, 25] . Due to their high biostability, circulating miRNAs can be used as reliable blood-based markers to identify cardiovascular or other human disorders [11, 13, 14, [16] [17] [18] [19] .
Up to now, about 800 expressed miRNAs have been experimentally detected in EMBs [21] . As shown for DCM, hypertrophic and inflammatory cardiomyopathy, the expression of miRNAs is characteristically altered in heart tissue [17] . Differential miRNA patterns allow the identification of different heart disorders or disease situations [17, 21] . The role of these human miRNAs in pathogenesis [18] highlights their value as potential molecular biomarkers for complex diseases such as cardiomyopathies [16, 27, 28] . The discriminating power of single miRNAs for diagnosis of complex diseases can be increased by its integration in a larger panel presenting a specific miRNA signature. The application of myocardial miRNA profiling allows the differentiation of distinct phases of viral infections and the prediction of the clinical course of virally-induced disease at the time point of primary diagnostic biopsy [16, 11, 28, 12] . In the same individual, miRNA signatures in tissue, serum, peripheral blood mononuclear cells (PBMCs), or other body fluids show specific features for the current condition. Therefore these disease-specific biomarkers are of increasing interest for personalized medicine [12, 29, 30] .
Non-expressed miRNAs in their entirety were ignored and corresponding data were rarely presented [25] . Due to rather negative regulation of miRNAs in general, absent miRNAs would indicate genes which are not altered in terms of expression and therefore normally expressed in specific compartments. Occurrence of previously absent miRNAs could be an easy predictor for changes in functional activity in analyzed biological sample or in the disease situation under examination.
Analyses of expression data by bioinformatic software (miEAA and DIANA [31] ) are currently based on two strategies: (1) presentation of published data of deregulated miRNAs and their association with affected pathways or diseases and (2) prediction of involved miRNAs extrapolated from data of differentially expressed genes in corresponding disease situation as presented in the Kyoto Encyclopedia of Genes and Genomes (KEGG) schemata. Comprehensive expression data of indicated pathways or associated disorders are limited by availability of larger patient cohorts and comparability of analytical methods.
In this article, we focused on the non-detectable miRNAs measured on different platforms in myocardial tissue, blood cells, and serum in a large cohort of cardiac patients suffering from different forms of inflammatory or virally-induced heart muscle diseases [1] [2] [3] [4] [5] . The underlying disease was diagnosed by routine EMB [3, 6, 32, 33] . The bioinformatic analyses of generated data using two current freely-available prediction tools revealed no evidence for their involvement in heart-related pathways. Experimental findings for cardiac patients were confirmed by comparisons of absent miRNAs in large cohorts of patients with different diseases [22, 24, 25 ] measured on the same analytical platforms.
Results
We performed miRNA expression studies with three analytical platforms, the Geniom Biochips (Febit, Heidelberg, Germany) and two TaqMan PCR-based high-throughput systems including low density array (LDA) and OpenArray (Thermo Fisher Scientific, Waltham, MA, USA). Based on the analysis of deregulated miRNAs, we presented lists and pathways of non-detectable miRNAs in different tissues of primarily cardiac patients. All data were generated in the same laboratory to facilitate comparative data analysis.
Comparison of absent miRNAs in EMBs, serum, and PBMCs of cardiac patients miRNA preparations were obtained for patients with inflammatory or virally-induced cardiomyopathies from EMBs (n = 284), PBMCs (n = 67), or serum (n = 287) including corresponding controls ( Table 1) . miRNAs in EMBs and serum were measured using two different platforms, which cover different sets of miRNAs ( Table 2) . Therefore, an additive list for EMBs and serum of absent miRNAs of each system was generated and used for all following calculations. A list of absent miRNAs was generated to indicate common or unique tissues in which miRNAs are not detectable (Table S1 ). Furthermore, a Venn diagram analysis was performed to reveal overlapping absent miRNAs in EMBs, serum, and PBMCs and miRNAs exclusively absent in particular tissues. As shown in Figure 1 , we detected 1107 miRNAs in total absent in 1-3 sample groups. 179 miRNAs were found to be absent in all three sample sources from cardiac patients. The miRNA Enrichment Analysis and Annotation Tool (miEAA) analysis showed that these miRNAs are involved in 685 pathways, implying possibly unaltered genes in these pathways. 7 out of 685 (1.0 %) pathways were indicated to be heart-related. In addition, there are 2 (0.3 %) pathways described for viral myocarditis and DCM. Six miRNAs seem to be associated with these 2 pathways, which include hsamiR-19b-1-5p, hsa-miR-1295a, hsa-let-7a-5p, hsa-miR-99b-3p, hsa-miR-16-1-3p, and hsa-miR-34b-3p.
On the other hand, some miRNAs are absent only in one sample group. These include 3 miRNAs exclusively absent in EMBs, 6 absent in PBMCs, and 650 absent in serum. For miRNAs absent in EMB or PBMC samples, miEAA revealed 8 pathways but none were heart-related pathways, whereas DIANA miRPath prediction indicated 3 heartrelated KEGG pathways for EMBs (57 others) and one for PBMCs (50 others), respectively. For the 650 miRNAs exclusively absent in serum samples, miEAA analysis revealed 14 pathways other than heart-relates ones. Since these patients suffer from cardiac diseases, the missing heart-related pathways are in concordance with the absence of these 650 miRNAs in serum. DIANA miRPath analysis for these miRNAs could not be performed due to limited miRNA input possibility.
Comparison of absent miRNAs in cardiac patients to those in patients with other diseases
To validate experimental findings for cardiac patients and minimize methodological bias, panels of absent RNAs were evaluated with data from large cohorts of patients with different diseases [22, 24, 25 ] measured on the same analytical platforms.
We compared the aforementioned 1107 miRNAs absent in any one or more sample groups of EMBs, serum, and PBMCs taken from cardiac patients to those absent in spinal fluid (Alzheimer's disease patients), urine (bladder cancer patients) or ocular fluid (ocular cancer patients) samples. There are totally 432, 217, and 187 miRNAs absent in spinal fluid, ocular fluid, and urine samples, respectively. Venn diagram showed that 24 absent miRNAs were found to be common among all different tissue types tested. These 24 absent miRNAs were listed in Table 3 [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] . On the other hand, some miRNAs are only absent in one particular group. We found 13, 9, and 31 miRNAs specifically absent in spinal fluid, urine and ocular fluid samples, respectively ( Figure 2 ).
Pathway comparison using different prediction tools
Next, different pathway prediction tools were employed to analyze the pathways involving the 24 absent miRNAs shared by all samples examined (Table 3 ). miEAA analysis revealed that these 24 absent miRNAs were involved in only one pathway and in regulation of 10 genes ( Table 4 ) and one disease related to the analyzed miRNAs ( Table 5) , whereas more than 80 KEGG pathways were predicted with DIANA tool TarBase (Table 6 ) or microT ( Table 7) . As shown in Tables 4-7 , the number of predicted pathways varied greatly depending on selected prediction algorithm. In addition, the predicted pathways based on the same 24 miRNAs showed associations with completely different diseases or organs using the two software tools. These data raise the question about plausibility and authenticity of the used pathway analysis tools.
Discussion
The importance of differentially-expressed miRNAs for characterization of various disease situations has been shown impressively [19, [22] [23] [24] [25] 28, 30] . miRNAs are mainly negative regulators of gene expression. Therefore absent miRNAs could indicate genes which are not affected for the disease situation examined or in the corresponding sample material. The different pattern of non-expressed miRNAs in separate tissues or organs could be explained by their biological functions. The current study described, for the first time, the set of non-expressed miRNAs of the largest published cohort of patients (more than 200, including controls) with inflammatory or virally-induced cardiomyopathies that were diagnosed using EMBs [3, 4, 6, 32] . Absent miRNAs were revealed with different analytical platforms and compared to data from other diseased patients (Alzheimer's disease, ocular cancer, bladder cancer) measured with identical assays in the same laboratory. The demonstration of differentially regulated miRNAs was not the aim of this study, corresponding data for the differentially-regulated miRNAs were shown previously [16, 22, 24, 25, 28] .
Bioinformatic evaluation of identified absent miRNAs was performed by application of two freely-available pathway Anxiety-related traits [49] Note: NA means no literature proof found for any disease association with the specified miRNA. Figure 1 Venn diagram of absent miRNAs in different sample types from cardiac patients Venn diagram analysis was performed for absent miRNAs that are specific to each sample type and overlapping between different sample types such as EMBs (total 296 absent miRNAs), serum (total 1092 absent miRNAs), and PBMCs (total 346 absent miRNAs) of cardiac patients. EMB, endomyocardial biopsy; PBMC, peripheral blood mononuclear cell.
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prediction tools (miEAA and DIANA miRPath) to confirm experimental findings. For cardiac patients, 6 heart-related pathways were recovered using miEAA. For the 6 miRNAs commonly not expressed in EMBs, serum, and PBMCs of cardiac patients, the software predicted association with myocarditis and DCM. Intensive search of biomedical publication databases provided no hint for their involvement in heart muscle diseases. Instead, hsa-miR-16-1-3p is related to chronic lymphocytic leukemia [50] and age-related cataract [51] , whereas hsa-miR-34b-3p is related to spermatogenesis [52] . Similarly, hsa-let-7a-5p seems to be related to infectious mononucleosis but not cardiac diseases [45] . Moreover, there lacks proof in literature or through in silico prediction tools for the involvement of the remaining 3 miRNAs in any disease or pathway. DIANA analysis revealed one DCM-related pathway based on the 24 common miRNAs that are never detected in any of EMB, serum, PBMC, spinal fluid, ocular fluid or urine samples. Literature screening in PubMed retrieved no publications related to DCM or other cardiomyopathies for all 24 common absent miRNAs, therefore no experimental proof as well (Tables 3-7) .
Both examples of detailed search (6 miRNAs and 24 miRNAs) for the relevance of miRNAs in distinct pathways revealed no evidence for their involvement in heart-related pathways as stated in DIANA tool. Pathway prediction tools could generate a broad amount and variety of potential networks which might only exist in theory but not in reality. In addition, these prediction tools have their limits in terms of amount of miRNAs that can be uploaded for analysis (especially DIANA tool), literature evidence of theirs predicted pathways, and comparability between different prediction tools. The best way to overcome this deficiency in pathway prediction is the evaluation of larger sample cohorts or multiple data sources. The involvement of sets of nonexpressed miRNAs for more diseases, as presented in this study, will sharpen the predictive power of bioinformatic analyses. These data are easily available but often not requested for publication. In future, predicted pathways should be double checked against list of absent miRNAs. The theoretical output of prediction tools shows high divergence from experimental validation, at least for our study. Therefore, users of prediction tools should take caution and assess the output critically.
The spectrum of non-expressed miRNAs in body fluids for defined diseases such as serum of patients suffering from cardiomyopathies is of keen interest. Today circulating miRNAs have the most important scientific and diagnostic impact [19, 22, 25, 26, 29, 30] . In this article, we described for the first time a panel of absent miRNAs in serum, PBMCs, EMBs, spinal fluid, urine, and ocular fluid of diseased patients including corresponding healthy controls. Implementing this spectrum in comparison to miRNA studies in different disorders, disease-specific miRNAs can be identified expeditiously.
Further studies have to confirm especially which of these absent serum miRNAs in cardiomyopathies are not versatile. Circulating miRNAs will be the novel diagnostic biomarkers, also for heart muscle diseases [14, 15, 21, 24, 26] . Some of these serum miRNAs are present in other disorders not corresponding to cardiomyopathies, which could be of scientific interest for understanding of specific pathomechanisms or finally as therapeutic targets for miRNA modulation to deal with discrete disease situations.
There are some limitations in the current study. Three analytical platforms were used in generating data for overlapping sample sets to infer miRNAs absent alone or in different combinations. EMBs and PBMCs were measured with microarraybased technology for former sets of available miRNAs (miRBase v14), whereas Taqman PCR-based analysis were performed later and used to measure miRNAs in serum (OpenArrays, miRBase v16 and higher), EMBs (LDA and OpenArrays) [15] , spinal fluid (OpenArray), urine (LDA), and ocular fluid (LDA). In addition, only two freelyavailable software tools were used for pathway prediction.
The bioinformatic and translational perspective of presented approach is manifold. This first preliminary study on non-detectable miRNAs should sensitize scientific community to present not only data of deregulated candidates, but also data of completely absent miRNAs [25] as a valuable dataset for improvement of commonly used software tools. Nondetectable miRNAs should be excluded from further prediction of corresponding pathways. Otherwise the collection of these data for all tissues, cells, or body fluids would be an important reservoir for future research or also pharmaceutical studies, and thus should be propagated by bioinformatics. The unexpected finding of previously-described non-expressed miRNAs in an experiment or clinical study will facilitate the identification of newly involved pathways or functional dysregulations in an observed setup.
Material and methods
Samples EMB, PBMC, and serum samples were obtained from healthy controls and patients suffering from inflammatory or virally induced myocarditis as shown in Table 1 [9, 10, 15, 16, 11, 53, 54] . The study was performed within the Transregional Collaborative Research Centre (Inflammatory CardiomyopathyMolecular Pathogenesis and Therapy) [Sfb/Tr19]. The study protocol was approved by the local ethics committees of the participating clinical centers, as well as by the committees of the respective federal states. An informed written consent was obtained from each participant.
Spinal fluid samples were received from healthy controls and patients suffering from Alzheimer's disease, with the ethical statement described previously [25] . Urine samples were acquired from healthy controls and patients harboring bladder cancer, with the ethical statement described previously [22, 24] . In addition, we analyzed pooled ocular fluid from random patients.
miRNA isolation miRNAs were obtained from patients, using mirVana TM miRNA Isolation Kit (Thermo Fisher Scientific, Waltham, MA, USA) resp. mirVana TM PARIS TM RNA and Native Protein Purification Kit (Thermo Fisher Scientific, Waltham, MA, USA) for low content samples such as serum, urine, ocular fluid, and spinal fluid according to manufacturer's instructions. All presented expression studies were performed in the same laboratory. miRNA reverse transcription, pre-amplification and expression analysis using TaqMan real-time PCR Total RNA including miRNA fraction was reversely transcribed to cDNA using Megaplex stem-loop RT primer (Thermo Fisher Scientific, Waltham, MA, USA) for Human Pool A and B in combination with the TaqMan MicroRNA Reverse Transcription Kit (Thermo Fisher Scientific, Waltham, MA, USA). This allowed simultaneous cDNA synthesis of 377 unique miRNAs for Pool A and B each. Except for biopsy materials, a pre-amplification protocol was performed for all low content samples to increase the detection rate. The entire procedure for quantification using TaqManÒ OpenArrayÒ [25] and TaqManÒ LDA [28] is described elsewhere. miRNAs which were not detectable or above cycle threshold 28 (OpenArrays) resp. 32 (LDA) were considered to be absent in the sample.
miRNA labeling and expression analysis using Febit GeniomÒ Biochip
The expression analysis of all 906 miRNA and miRNA * sequences as annotated in Sanger miRBase version 14.0 was performed with the Geniom Real Time Analyzer (Febit, Heidelberg) and the Geniom biochip MPEA hsapiens V14. Sample labeling with biotin was carried out by using the ULS labeling Kit from Kreatech (Amsterdam, The Netherlands). All essential steps such as hybridization, washing, as well as signal amplification and measurement, were done automatically by Geniom Real Time Analyzer. The resulting detection images were evaluated using the Geniom Wizard Software for background correction and normalization of generated data. miRNA expression analyses were carried out using the normalized and background-subtracted intensity values.
Bioinformatic algorithms and miRNA target identification
miRNAs not detectable in all samples of corresponding biological material were regarded as absent for this material and disease. All following bioinformatics analyses by pathway prediction tools were based on the list of these candidates. Venn diagrams of intersecting sets of miRNAs between different tissues and platforms are generated using Venny v2.0 (http://bioinfogp.cnnb.csic.es/tools/venny/index.html). miEAA (http://www.ccb.uni saarland.de/mieaa_tool) and DIANA miRPath v.2.0 [31] were used for miRNA target prediction and pathway analysis. All given lists of miRNAs are translated and annotated according to miRBase v14 nomenclature.
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